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(54) Plasma display panel 

(57) Disclosed is a plasma display panel comprising 
a transparent front panel plate (21 ) comprising a display 
electrode (22) and a metal oxide layer (27) covering at 
least the display electrode, a back panel plate (28), a 
discharge space formed by adhering the transparent 
front panel plate and the back panel plate to each other, 
and a phosphor layer formed to be exposed to the inside 
of the discharge space. The metal oxide layer is made 



of a first metal oxide layer (27-1) formed to cover the 
display electrode, and a second metal oxide layer (27-2) 
formed to cover the first metal oxide layer, and the linear 
thermal expansion coefficient of the second metal oxide 
layer is larger than that of the first metal oxide layer. Us- 
ing this metal oxide layer having the bi -layered structure 
as a protective layer for the display electrode, a plasma 
display panel capable of displaying highly minute imag- 
es can be produced at low costs. 
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Description . 

BACKGROUND OF THE INVENTION 

s [Field of the Invention] 

[0001] The present invention relates to a plasma display panel, and an image display device using the same, par- 
ticularly to a plasma display panel, which may be abbreviated to a PDP hereinafter, suitable for making display images 
highly minute, and an image display device using the same. 

10 

[Description of the Related Prior Art] 

[0002] An AC plane-discharge type PDP is a display device wherein a great number of minute discharge spaces 
(discharge cells) airtightly closed between two glass panel plate are set up. Referring to a drawing, this AC plane- 

15 discharge type PDP will be briefly described hereinafter. Fig. 2 is a perspective exploded view illustrating a part of an 
ordinary PDP structure. The PDP illustrated in Fig. 2 is a panel wherein a front panel plate 21 made of glass and a 
back panel plate 28 made of glass are adhered to and integrated with each other, and is a reflection type PDP wherein 
phosphor layers 32 emitting red (R), green (G) and blue (B) rays are formed on the side of the back panel plate 28. 
[0003] The front panel plate 21 has a pair of sustaining electrodes., which are also called display electrodes, formed 

20 on its face opposite to the back panel plate 28 and in parallel to have regular intervals. 

[0004] The pair of sustaining electrodes is composed of transparent common electrodes (hereinafter referred to 
merely as X electrodes) 22-1 , 22-2, and transparent independent electrodes (hereinafter referred to merely as Y 
electrodes or scanning electrodes) 23-1 , 23-2, .... 

[0005] In the X electrodes 22-1 , 22-2, non-transparent X bus electrodes 24-1 , 24-2, ... for compensating for the 
25 conductivity of the transparent electrodes are set up to extend in the direction shown by an arrow D2 in Fig. 2, and in 
the Y electrodes 23-1 , 23-2, Y bus electrodes 25-1 , 25-2, ... are set up to extend in the same direction. 

[0006] The X electrodes 22-1 , 22-2, .... the Y electrodes 23-1 , 23-2 the X bus electrodes 24-1 , 24-2, and the 

Y bus electrodes 25-1 , 25-2, ... are insulated from the discharge spaces, in order to be AC-driven. In other words, these 
electrodes are covered with a dielectric layer 26 composed of a low melting point glass layer which generally has a 
30 thickness of several tens of microns. This dielectric layer 26 is covered with a metal oxide layer 27. 

[0007] As the metal oxide layer 27, there is generally used a magnesium oxide (MgO) layer formed by EB vapor 
deposition and having a thickness of about 1 Irn. This magnesium oxide layer has a high secondary electron emission 
factor and excellent resistance against sputtering by ions, and functions so as to cause an improvement in discharge 
characteristics. 

-35 [0008] The above-mentioned metal oxide layer is generally called "protective layer" . An example thereof is a single 
layer composed of a magnesium oxide layer which is directly formed on a display electrode by chemical vapor deposition 
(CVD), as disclosed in JP-A-1 0-261 362. 

[0009] The back panel plate 28 has, on its face opposite to the front panel plate 21 , address electrodes (hereinafter 
referred to merely as A electrodes) crossing three-dimensionally and perpendicularly to the X electrodes 22-1 , 22-2, 

40 and the Y electrodes 23-1 , 23-2, ... of the front panel plate 21 . 

[0010] The A electrodes 29 are set up to extend in the direction shown by an arrow D1 in Fig. 2. Barrier ribs 31 for 
separating the A electrodes 29 from each other are set up in order to prevent the expanding of discharge (regulate the 
region of discharge). The pair of sustaining electrodes composed of the X electrode and the Y electrode may also be 
separated from each other by means of the barrier rib along the direction shown by the arrow D2. The respective 

45 phosphor layers 32 emitting red, green and blue light rays are successively applied in the form of stripes so as to cover 
groove faces between the barrier ribs 31 . 

[0011] Fig. 3 is a view showing the structure of a main cross section of the PDP, as is viewed along the direction 
shown by the arrow D2 in Fig. 2, and illustrates a single discharge cell, which is the smallest unit of a cell. In Fig. 2, 
the boundaries of the discharge cell are roughly shown by broken lines. The inside of a discharge space 33 is filled 

so with a discharge gas (e.g., a mixed rare gas such as helium, neon, argon, krypton or xenon) for generating plasma. 
[0012] When a voltage is applied between the X display electrodes and the Y display electrodes, plasma 10 is gen- 
erated by electrolytic dissociation of the discharge gas. Fig. 3 schematically illustrates a situation in which the plasma 
10 is generated. Ultraviolet rays from this plasma excite the phosphors 32 to emit fluorescent rays. The fluorescent 
rays from the phosphors 32 are emitted through the front panel plate 21 outside the discharge cells. The rays emitted 

55 from the respective discharge cells constitute images on a display screen. 

[0013] In the case of attempting to make the PDP highly minute, the gap distance (discharge gap) between the X-Y 
display electrodes must be made narrow with an improvement in the minuteness of the discharge cells. When the 
discharge gap is made narrow, the electric field intensity between the electrodes increases. As a result, sputtering is 
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P « m H?K d T. 3n in ° reaSe in i0n impaCt againSt the P rotectiv e layer. By the sputtering, the protective layer is stricken 
off and the die.ectnc ,s made naked so that the discharge becomes unstable. Consequently, the pane, cannot LTnven 
In other words, a problem that the lifetime of the panel becomes short arises annoioeonven. 
[0014] In order to prevent the reduction in the lifetime of the panel, the protective layer should be made thick Ac- 
cording to the prior art. however, as the protective layer is made thicker, a large numbelr of cracks are generated ,Us 
therefore .mposs.ble to make the thickness ol the protective layer sufficiently thick 

\oVo 5 Jn th S JHi!£? P T leCti r ,ayer l Cann0t be easi, y made thick in the P"<" as described above, it is indispensable 
LlecTril teytr "* " 9 ^ e ' eCtr ° des from disch arge. It is difficult to cut off this step of folng the 

^L^*™ 0 ' 6 ' W " h a " improvement in the minuteness of the discharge cells (reduction in the cell pitch) the 
ratio of the luminescent area ,n the POP is reduced; therefore, a drop in display brightness thereof is also caused 

SUMMARY OF THE INVENTION 

[00171 Therefore in order to overcome the above-mentioned problems in the prior art, a first object of the present 

minTn"' 8 ° Pr °T t P ' aSma diSP ' ay Pan6 ' Wher6in 3 dr ° P in the bri S h,ness thereof with an improvement" the 
Z lZ a S ^ and ,hS ,uminescent efficie -y hereof to applied electric power can be improved 

Si! 7 T' q 5 an , d th ' Ck Pr ° teCtiVe ,ayen A SeC0nd ° bject of the present inven «on * to P^ide a plasma 
display device having this plasma display panel. 

[0018] In the case that a metal oxide layer such as a MgO layer is formed as a protective layer on a glass panel elate 
or a dielectnc layer, the linear thermal expansion coefficient of this metal oxide layer is generally larger hat of the glass 
pane, plate or the dielectric layer as an undercoat. Therefore, with a drop in temperature after the ZalZ o Te 

Z^ZT^tr f0mied meta ' ° XidS ' ayer S ° th3t CraCkS arc Qenera,ed in the ™ta. o*de faTer. 
Inrintntal ™ 9 enera ted cracks becomes larger as the thickness of the metal oxide layer becomes larger 

nadentally, in order to reduce the number of the generated cracks, it is advisable to decrease the difference in linear 
£XZ£ T r ff T" between thS above - me "«oned glass pane, p.ate or die.ectric .ayer and the above-men- 
tioned meta. ox,de layer. In this way, the meta. oxide .ayer can be made so as to have a larger thickness and higTr- 

[0020] Therefore, the above-mentioned object of the present invention can be attained in the way that a protective 

™ ? h of aplasma dsplay panel (hereinafter referred to as a transparent front pane, p.ate is made of: a bi layeid 

Scten «nf J'" 6 ' T^T °!f **" ° Xlde *" the difference in linear therma. expansion coif 

f icient and a second metal oxide layer covering the first metal oxide layer. 

[0021] More specifically, the first metal oxide layer desirably comprises a metal oxide polycrystal layer which has a 

eZXZs^llT nSi ° n ri COeffiCi h ent ,han 8 tranSParent fr ° nt PanSl P ' a,e " 3 ^'ectricV and 32 
example made of MgO or made mamly of MgO. The second metal oxide layer desirably comprises a metal oxide 

t H 35 . 3 T S6C0ndary e,eCtr ° n emiSSi0 " C ° effiCient ,ha " the lra " S P a ™' panetplaTor 
the d,electnc layer, which has a larger linear thermal expansion coefficient than the first metal oxide layer and which 

<o The s^eTro up" " * ^ ^ Ca0 and ™* °' made mainly ° f * ^ one "ted 

KSJi* a " 0Wab ' e ,he f irst and second ™ta. oxide layers contain an inevitable amount of an impurity which 
nn a S ?h , 0rP ° ra Corres P° ndi "9 | y to this fact, the above-mentioned wording "made mainly of isused 
Sii f TT^ bS SSt bBtWeen the mGtal ° Xide l3yer and the dis P ,av electrode on the transparent front 
r VT? P ? Sent inVenti ° n ' h0W6Ver ' ,he pr0t6Ctive layercan be made thick as described above 
I ft " at ° niV thS above - me "tioned bi-layered metal oxide layer is directly formed on the display 

cafbe « ^r^Tir t f leCtriC T thiS C ~' ,he St6P ° f ,0minS the ^--mentioned dielectric tyZ 
can be cut off. Thus, costs for the process for producing the PDP can be reduced 

f^frtl t^f?r pr °I- eCtiVe '? COmposed of the bi - |a V ered r"otal oxide layer of the present invention, it is desired 
hat the total layer thickness of the first metal oxide layer and the second metal oxide layer is set to at least 2 im Tn 
the case of a protective layer composed of a single layer of MgO in the prior art. a problem that the number of cracks 
mcreases from 1 5 or 1 6 to several tens if the thickness thereof is set to 2 im or more However, accord?^ ™ll present 

tT T t<>ta H T r thiCkneSS ° f the bWayer6d meta ' ° Xide ,ayer is from 2 10 5 cra <** are^o generated 
tnlZZl.t ^ 1 IT ^ S6t l ° 10 t0 40 1m ' ° nly 3b0Ut 3 t0 9 cracks are 9 e "orated. The number of he 
generated cracks is remarkably reduced. Thus, the PDP of the present invention can be sufficiently put to practical use 
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BRIEF DESCRIPTION OF THE DRAWINGS „ > * 

[0025] 

Fig. 1 is a perspective exploded view iliustrating a portion of the panel structure of a plasma display panel in a 
plasma display device according to Example 1 of the present invention. 

Fig. 2 is a perspective 'exploded view illustrating a portion of the panel structure of a plasma display panel to which 
the present invention is applied. 

Fig. 3 is a sectional view illustrating a main sectional structure of the plasma display panel, as is viewed along the 
D2 direction in Fig. 2, and shows only one discharge cell. 

Fig. 4 is a sectional view illustrating a main sectional structure of a plasma display panel according to Example 2 
of the present invention, and shows only one discharge cell. 

Fig. 5 is a sectional view illustrating a main sectional structure of a plasma display panel according to Example 3 
of the present invention, and shows only one discharge cell. 

Fig. 6 is a block diagram showing the outline of a display system having a plasma display panel according to the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0026] The following will describe specific structural features of the present invention for attaining the objects of the 
present invention. 

(1) A first aspect of the present invention is a plasma display panel comprising a transparent front panel plate 
comprising a display electrode and a metal oxide layer covering the display electrode, a back panel plate, a dis- 
charge space formed by adhering the transparent front panel plate and the back panel plate to each other, and a 
phosphor layer formed to be exposed to the inside of the discharge space, 

wherein the metal oxide layer is made of a first metal oxide layer formed to cover the display electrode, and 
a second metal oxide layer formed to cover the first metal oxide layer, and the linear thermal expansion coefficient 
of the second metal oxide layer is larger than that of the first metal oxide layer. 

(2) A second aspect of the present invention is the first aspect of the present invention wherein a dielectric layer 
is arranged between the display electrode and the metal oxide layer, and the linear thermal expansion coefficient 
of the first metal oxide layer is larger than that of the dielectric layer. 

(3) A third aspect of the present invention is the first aspect of the present invention wherein the metal oxide layer 
is directly formed on the display electrode. 

(4) A fourth aspect of the present invention is any one of the 1 st to the 3rd aspects of the present invention wherein 
the total layer thickness of the first metal oxide layer and the second metal oxide layer is at least 2 1m. 

(5) A fifth aspect of the present invention is any one of the 1 st to the 4th aspects of the present invention wherein 
the second metal oxide layer is a metal oxide layer made of MgO or made mainly of MgO. 

(6) A sixth aspect of the present invention is any one of the 1 st to the 4th aspects of the present invention wherein 
the first meal oxide layer is a metal oxide layer made of at least one selected from Ce0 2 , CaO and Ti0 2 or made 
mainly of at least one selected from Ce0 2 , CaO and T10 2 . 

(7) A seventh aspect of the present invention is any one of the 1 st to the 6th aspects of the present invention 
wherein the transparent front panel plate comprises a glass panel plate, X-Y display electrodes formed on the 
surface thereof, and a metal oxide layer formed to cover the surface of the display electrodes; the back panel plate 
comprises, thereon, address electrodes, spaces positioned on the address electrodes and partitioned by means 
of a dielectric and a partition, and a phosphor layer formed inside the spaces; the spaces are formed as discharge 
spaces by adhering the transparent front panel plate and the back panel plate to each other in the manner that 
the X-Y display electrodes and the address electrodes cross three-dimensionally; and a rare gas for generating 
plasma discharge is airtightly charged into the spaces. 

(8) An eight aspect of the present invention is an image display device, comprising the plasma display panel 
according to any one of the 1 st to 7th aspects of the present invention, and a driving device comprising a control 
circuit for driving the plasma display panel. 

[0027] Referring to the drawings, examples of the present invention will be more specifically described hereinafter. 

< Example 1> 

[0028] Fig. 1 is a perspective exploded view illustrating a portion of the panel structure of a PDP according to one 
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example of the present invention. In Fig. 1 , the following are beforehand formed ort a front glass panel plate by a well- 
known method: display electrodes composed of X electrodes 22, X bus electrodes 24, Y electrodes 23 and Y bus 
electrodes 25; and a low melting point glass layer as a dielectric layer 26, which has a thickness of 40 im and is formed 
to cover the display electrodes. 

[0029] A protective layer (metal oxide layer) 27 covering the dielectric layer 26 (linear thermal expansion coefficient: 
- 8 x 10-6 v-C) has a bi-layered structure composed of a first melal oxide layer 27-1 made of CaO (linear thermal 
expansion coefficient: -10.2x1 o* 1/°C) and a second melal oxide layer 27-2 made of MgO (linear thermal expansion 
coefficient: - 13 x 10* 6 1/°C). 

[0030] The metal oxide layer 27 is formed using the so-called ion implanting type vacuum layer formation apparatus 
wherein ingredients of the metal oxide layer evaporated by electron beam irradiation are caused to pass through a 
high-frequency coil and deposited on the plate 21 . 

[0031 ] As the ingredient of the metal oxide layer 27-1 , calcium oxide (CaO) particles are used. Oxygen gas is supplied 
to the vacuum layer formation apparatus to form the metal oxide layer 27-1 made of CaO. The temperature of heating 
the plate 21 upon the layer-formation is set to 150 °C, and oxygen gas is supplied to the vacuum layer formation 
apparatus at a pressure of 2 x 1 0 2 Pa. 

[0032] As the ingredient of the metal oxide layer 27-2, magnesium oxide (MgO) particles are used. Oxygen gas is 
supplied to the vacuum layer formation apparatus to form the metal oxide layer 27-2 made of MgO The temperature 
of heating the plate 21 upon the layer-formation is set to 100 °C, and oxygen gas is supplied to the vacuum layer 
formation apparatus at a pressure of 2 x 1 0" 2 Pa. The layer thickness of the metal oxide layer 27-1 made of CaO and 
that of the metal oxide layer 27-2 made of MgO are selected from various combinations. The apparatus for forming 
the metal ox.de layers 27-1 and 27-2 is not necessarily limited to the above-mentioned ion implanting type vacuum 
layer formation apparatus. 

[0033] The layer quality of each protective layer 27 formed by the above-mentioned method was evaluated The 
results are shown in Table 1 described below. For comparison, a single layer made of magnesium oxide (MgO) was 
formed as a comparative example according to the prior art, and the layer quality thereof was also evaluated The 
results thereof are also shown in Table 1 . The layer thickness of this single layer made of magnesium oxide (MgO) 
was set to the thickness equal to the total layer thickness of the metal oxide layers 27-1 and 27-2 in the present example 
The present test was performed using 1 5 cm x 1 5 cm test panels. The layer quality of the formed protective layer was 
evaluated by counting the number of generated cracks. 

Table 1 



Relationship between layer thickness and the number of cracks 


Comparative example according to the prior art 


Examples 


MgO layer thickness 


Number of cracks 


CaO+MgO layers thickness 


Number of cracks 


1 im 


0 


0.5 im + 0.5 im 


0 


2 im 


17 


1 im + 1 im 


0 


5im 


24 


2.5 im+2.5 im 


0 


10im 


43 


5 im + 5 im 


3 


20 im 




10 im + 10 im 


5 


40 im 




20im+20im 


9 



[0034] By using the metal oxide layer to decrease the difference in linear thermal expansion coefficient between the 
dielectric and the protective layer, tensile stress applied to the metal oxide layer 27-2 on the basis of a drop in temper- 
ature afterthe formation of the layers was reduced so that the number of generated cracks dropped sharply Particularly 
when the total layer thickness of the first and second metal oxide layers was 2 im or more, the effect of reducing the 
number of generated cracks was remarkably exhibited. 

[0035] Namely, as is evident from Table 1 , when the total layer thickness of the first and second metal oxide layers 
was from 2 to 5 im, the number of generated cracks was zero; when the thickness was from 10 to 20 im the number 
was from 3 to 5; and when thickness was 40 im, the number was very small, that is, 9. If the number of generated 
cracks is about 10 in display panel products, the products can be sufficiently put to practical use. It can be therefore 
understood that even the resuftant products wherein the total layer thickness of the first and second metal oxide layers 
was as large as about 40 im can be sufficiently put to practical use. 

[0036] Furthermore, the highly minute panel (PDP) having the protective layer 27 having a total layer thickness of 2 
im and produced in the present example was used to perform a lifetime test. As a result, it was proved that because 
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the thickness of the protective layer was sufficiently large, the dielectric layer 2S as-an undercoat was not made naked 
even by sputtering effect based on intenser ion impact with the improvement in the minuteness, and sufficient lifetime 
could be obtained. 

< Example 2> 

[0037] Fig. 4 is a sectional view of a PDP according to another example of the present invention, as is viewed along 
the D2 direction in Fig . 1 . In the present example, without the use of the dielectric layer 26 covering the above-mentioned 
display electrodes, the first metal oxide layer 27-1 was directly formed on the display electrodes set on the glass panel 
plate 21 . 

[0038] Ce0 2 (linear thermal expansion coefficient: — 8.6 x 10~ 6 1/°C) was formed into a first metal oxide layer 27-1 
covering display electrodes formed on a glass panel plate (linear thermal expansion coefficient: - 8x 10 6 1/°C), and 
MgO (linear thermal expansion coefficient: ~ 1 3 x 1 0 -6 1 /°C) was formed into a second metal oxide layer 27-2 covering 
the metal oxide layer. 

[0039] The layer thickness of the first metal oxide layer 27-1 was set to 4 im, and that of the second metal oxide 
layer 27-2 was set to 4 im. The linear thermal expansion coefficient of the glass panel plate 21 is substantially equal 
to that of the dielectric layer 26 (linear thermal expansion coefficient: ~~ 8 x 10 6 1/°C). Thus, for the same reason as 
in Example 1 , a thick protective layer wherein the number of generated cracks was small could be formed. 
[0040] A test panel (15 cm x 15 cm) according to the present example was used to compare it with a comparative 
example according to the prior art. The panels used in the evaluation were different only in the structure of their dielectric 
layers and protective layers (metal oxide layers). Needless to say, the two were the same in the structure of other parts. 
Results about the evaluation of the discharge start voltage (i.e., firing potential) and the efficiency of the test panels 
are shown in Table 2. 



Table 2 



Evaluation of the firing voltage and the efficiency 


Evaluation items 


Comparative example according to the prior art 


Example 


Firing voltage 


200 V 


145V 


Efficiency (relative value) 


1 


1.26 



[0041] The firing voltage is a voltage at discharge starts to be caused when voltage pulses having a width of 4 is 
and a period of 10 is are alternately applied to the X electrodes (22-1, 22-2, ...) and Y electrodes (23-1 , 23-2, ...) (the 
voltage pulses applied to the X electrodes are shifted by 5 is from those applied to the Y electrodes). 
[0042] As is evident from Table 2, the firing voltage was 145 V in the present example, and was reduced by 55 V 
from the comparative example according to the prior art. The efficiency is a value obtained by dividing the brightness 
of the panel by applied electric power, and was evaluated on the basis of a value relative to the comparative example 
(value: 1). The pulse voltage applied to the X electrodes and the Y electrodes at this time was set to 200 V in the 
comparative example and was set to 1 45 V in the present example. As a result, the efficiency of the panel of the present 
example was 1 .26 times larger than that of the comparative example. 

[0043] Next, the concentration of Xe in the discharge gas was changed in the panel (PDP) of the present example, 
to produce a trial panel. The trial panel was compared with a comparative panel. The results are shown in Table 3 
described below. 

[0044] The composition of the discharge gas and the pressure of the charged gas in the present example were set 
to Ne(70%)-Xe(30%) and 660 hPa, respectively, and those in the comparative panel were set to Ne(96%)-Xe(4%)and 
660 hPa, respectively. As the concentration of Xe was increased, the discharge voltage rose. Therefore, no discharge 
could be generated in the comparative panel according to the prior art. 

[0045] In the panel of the present example, however, the discharge voltage was reduced. Therefore, even if the 
concentration of Xe in the present example was made larger than in the prior art, sufficient discharge could be gener- 
ated. The voltage pulses applied for the evaluation of the efficiency were the same as described above. The applied 
pulse voltage was 200 V in the two cases. 
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Table 3 
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Discharge gas and efficiency 


Conditions and evaluation items 


Comparative example 


Example 


Discharge gas 


Ne(96%)-Xe(4%), 660 hPa 


Ne(70%)-Xe(30%), 660 hPa 


Efficiency (relative value) 


1 


1.97 



[0046] In the panel of the present example, unnecessary was the step of forming the dielectric layer 26 in the panel 
of the above-mentioned comparative example according to the prior art. For this reason, it is possible to make the time 
required for the production process shorter and make production costs lower than in the above-mentioned panel of 
the comparative example. 

[0047] The results of the example shown in Table 2 demonstrate that the PDP can be driven by an applied pulse 
voltage of 145 V. Accordingly, the breakdown voltage of condensers or FETs used in the driving circuit for the PDP in 
the present invention may be lower than in conventional PDPs which are driven by a voltage of 200 V. Consequently, 
circuit costs can be reduced according to the present invention. 

[0048] As described above, according to the present invention, a thick and high-quality protective layer composed 
of two metal oxide layers can be formed, so that the protective layer functions sufficiently as an insulating layer for AC- 
driving; therefore, a conventional dielectric layer becomes unnecessary and advantageous effects such as an improve- 
ment in efficiency and a drop in costs can be obtained. 

[0049] A driving circuit was connected to the PDP of the present example, to fabricate a display device. Furthermore, 
a video signal source for sending video signals to this display device was connected to this display device, to construct 
a display system. Images on this system were then evaluated. As a result, the resultant display system was a system 
capable of displaying bright and beautiful images and being inexpensively produced even if the highly minute PDP 
was used. 

[0050] Fig. 6 is a block diagram showing a display system 1 04, which is an example according to the present inven- 
tion. A PDP 100 and a driving circuit 101 for driving the PDP 100 constitute a image display device (plasma display 
device) 1 02, and this module and a video signal source 1 03 for sending video signals to the display device 1 02 constitute 
the display system 1 04. 
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< Example 3> 

[0051] Fig. 5 is a sectional view of a highly minute PDP according to a further example of the present invention, as 
is viewed along the D2 direction. In the present example, the display electrodes of the PDP shown in Fig. 4 and de- 
scribed in Example 2 were composed of only bus electrodes. That is, in the present example, the transparent electrodes 
(the X electrodes 21 and the Y electrodes 23) were removed. 

[0052] The width of the X bus electrode 24-1 and that of the Y bus electrode 25-1 were set to 50 Im, respectively 
and the gap distance between the X bus electrode 24-1 and the Y bus electrode 25-1 was 40 im. The intervals between 
the barrier ribs were 200 im, and the size of the discharge cells was 0.2 mm x 0.2 mm. That is, the present PDP had 
a highly minute structure. The size of the cells in the present example was about 1/2 of the size (0.4 mm x 0.1 3 mm) 
of cells in the prior art. 

[0053] The used protective layer was composed of a Ti0 2 layer (linear thermal expansion coefficient: ~~ 8.3 x 10-6 
1/°C) as the first metal oxide layer 27-1 and a MgO layer (linear thermal expansion coefficient: - 13 x 10-6 ^C) as 
the second metal oxide layer 27-2. The layer thickness of the first metal oxide layer was 4 im, and that of the second 
metal oxide layer was also 4 im. Other structures of the PDP were the same as described in Example 2 and shown in 
Fig. 4. The composition of the discharge gas was Ne(70%)-Xe(30%). The pressure of the charged gas was 660 hPa, 
and applied pulse voltage was 200 V. Under these conditions, the brightness of the PDP was evaluated. 
[0054] As a result, the brightness was 612 cd/cm 2 at a white peak, and a reduction in the peak brightness, based 
on an improvement in the minuteness, was suppressed. Moreover, a lifetime test caused no problem, and a problem 
of a drop in the lifetime, based on the improvement in the minuteness, could be solved. 

[0055] Furthermore, the step of forming the X electrodes and the Y electrodes can be cut off. As a result, the time 
required for the production process and production costs can be evidently reduced. 

[0056] As described in detail above, the desired objects can be attained by the present invention. That is, it is possible 
to realize an improvement in the minuteness of a PDP, omit any dielectric layer and cover display electrodes of the 
PDP directly with a metal oxide layer, and reduce production process costs and driving costs. 

[0057] Moreover, the brightness and the efficiency of the panel can be improved (or a drop in the panel brightness 
with the improvement in the minuteness can be prevented). Using the plasma display device of the present invention, 
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an image display system which can display bright and beautiful images can b? obtained at low costs. 



Claims 

5 

1. A plasma display panel comprising a transparent front panel plate (21 ) comprising a display electrode (22) and a 
metal oxide layer (27) covering the display electrode, a back panel plate (28), a discharge space formed by adhering 
the transparent front panel plate and the back panel plate to each other, and a phosphor layer formed to be exposed 
to the inside of the discharge space, 

10 wherein the metal oxide layer is made of a first metal oxide layer (27-1 ) formed to cover the display electrode, 

and a second metal oxide layer (27-2) formed to cover the first metal oxide layer, and the linear thermal expansion 
coefficient of the second metal oxide layer is larger than that of the first metal oxide layer 

2. The plasma display panel according to claim 1 , wherein a dielectric layer (26) is arranged between the display 
15 electrode and the metal oxide layer, and the linear thermal expansion coefficient of the first metal oxide layer is 

larger than that of the dielectric layer. 



3. The plasma display panel according to claim 1 , wherein the metal oxide layer is directly formed on the display 
electrode. 

20 

4. The plasma display panel according to any one of claims 1 to 3, wherein the total layer thickness of the first metal 
oxide layer and the second metal oxide layer is at least 2 1m. 



5. The plasma display panel according to any one of claims 1 to 4, wherein the second metal oxide layer is a metal 
25 oxide layer made of MgO or made mainly of MgO. 

6. The plasma display panel according to any one of claims 1 to 4, wherein the first meal oxide layer is a metal oxide 
layer made of at least one selected from Ce0 2 , CaO and Ti0 2 or made mainly of at least one selected from Ce0 2 , 
CaO and Ti0 2 . 

30 

7. The plasma display panel according to any one of claims 1 to 6, wherein the transparent front panel plate comprises 
a glass panel plate, X-Y display electrodes formed on the surface thereof, and a metal oxide layer formed to cover 
the surface of the display electrodes; the back panel plate comprises, thereon, address electrodes, spaces posi- 
tioned on the address electrodes and partitioned by means of a dielectric and a partition, and a phosphor layer 

35 formed inside the spaces; the spaces are formed as discharge spaces by adhering the transparent front panel 

plate and the back panel plate to each other in the manner that the X-Y display electrodes and the address elec- 
trodes cross three-dimensionally; and a rare gas for generating plasma discharge is airtightly charged into the 
spaces. 



40 8. An image display device, comprising the plasma display panel (1 00) according to any one of claims 1 to 7, and a 
driving device (101) comprising a control circuit for driving the plasma display panel. 
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FIG. 3 




FIG. 4 
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FIG. 5 




FIG. 6 
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